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A.  OVERVIEW 

The  JSEP  program  at  Columbia  is  a  dynamic  one  in  which  the  changing  orientation  of  our 
research  effort  has  been  advanced  further  over  the  past  three  years.  In  particular  we  have  brought 
into  the  program  two  younger  members  whose  chief  focus  is  on  fundamental  electronic  packaging 
research.  In  addition,  Sven  Hanmann's  program  in  ultrashort  coherent  optical  spectroscopy  has 
been  transitioned  to  other  agencies  for  suppon. 

We  note  at  this  point  Professor  Hanmann’s  long  record  of  distinguished  and  very  creative 
research  in  coherent  spectroscopy.  This  work  has  revolutionized  our  understanding  of  light 
interaction  with  matter.  His  elucidation  of  coherent  optical  effects  has  also  been  crucial  in  a  very 
practical  sense  by  laying  the  fundamental  framework  for  applications  as  diverse  as  the  propagation 
of  high  power  laser  pulses  in  the  atmosphere,  transient  solid-state  spectroscopy,  and  more  recently 
nonlinear  optical  effects  in  communications.  Recently  he  received  the  Optical  Society's  R.  W. 
Wood  award  for  this  pioneering  work.  Finally,  Sven  also  played  a  crucial  role  in  guiding  the  CRL 
during  the  "post-Rabi"  era  to  the  beginning  of  research  oriented  toward  solid  state  electronics. 

Our  technical  program  has  continued  to  emphasize  the  fundamentals  of  optical  techniques 
and  electronic  materials.  In  the  former  area,  Mai  Teich  has  examined  the  quantum  statistics  of 
squeezed  light  and  fractal  noise.  In  addition,  Sven  Hartmann's  group  has  continued  to  push  the 
frontiers  of  coherent  ultrashort-pulse  spectroscopy  by  examining  attosecond  pulses  in  four-wave 
mixing  experiments.  Rick  Osgood's  and  Ed  Yang's  research  has  focussed  on  studying  interfacial 
phenomena  in  buried  epitaxial  insulator-semiconductor  interfaces  (with  laser  photoemission)  and 
bimetal  Schottky  barriers  on  GaAs,  respectively.  Irving  Herman's  work  on  high  pressure  studies 
of  n-VI  superlattices  has  yielded  information  on  stress  and  strain  in  these  layered  compounds. 
George  Flynn  has  successfully  implemented  direct  infrared  laser  probing  of  Cl  atoms,  a  technique 
of  considerable  general  use  in  following  Cl  atom  concentrations  in  etching  environments.  Finally, 
a  new  program  in  packaging  science  has  been  formulated  for  next  year's  JSEP  program. 

Our  reseach  thrust  in  the  packaging  area  has  been  leveraged  by  other  cooperative  programs 
at  Columbia.  In  particular,  Dave  Auston,  Rob  White,  and  Brian  Bent  recently  have  initiated  a 
packaging  program  with  IBM.  In  addition,  there  are  separate,  significant  programs  in  packaging 
science  with  DARPA  by  Richard  Osgood  and  Dave  Auston. 

The  activities  of  the  CRL  members  have  been  noted  by  honors  awarded  outside  and  inside 
Columbia.  In  particular,  because  of  his  continued,  extraordinarily  dedicated  service  to  Columbia, 
George  Flynn  has  been  designated  for  two  additional  years  as  the  holder  of  the  Con-Edison 
Distinguished  Thomas  Alva  Edison  Professor  Chair.  In  addition,  Richard  Osgood  was  designated 
as  a  Distinguished  Keynote  Speaker  at  the  Japanese  Optical  Industry  Technology  Development 
Association  (OITDA)  annual  meeting  in  Tckvo.  This  honor  was  previously  given  to  Amon  Yariv. 
Ted  Maiman,  and  Dave  Auston. 
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There  have  been  some  major  changes  in  our  experimental  facilities.  Recently  Columbia 
committed  itself  by  virtue  of  the  IBM  Materials  Program  to  constructing  a  more  advanced  UHV 
facility  for  Schottky  barrier  measurements.  This  facility  will  provide  samples  and  materials  for 
research  by  Edward  Yang  and  his  group. 

Finally,  our  administrative  structure  has  evolved  considerably.  In  particular,  Ms.  Karen 
Wingate  who  for  five  years  enthusiastically  managed  our  administrative  section,  including  a  period 
of  rapid  growth  in  the  activities  and  scope  of  our  office,  has  been  promoted  within  the  university. 
Her  position  has  been  filled  by  Laura  Meizler,  who  has  considerable  outside  experience  in  fiscal 
nlannin^.  In  addition,  Richard  Osgood  has  .stepped  down  as  Co-Director  of  CRL;  however,  he 
will  continue  to  play  a  major  role  in  technical  and  administrative  matters.  Finally,  a  key 
administrative  change  for  the  Columbia  JSEP  program  is  the  appointment  of  Dave  Auston  as  the 
new  Dean  of  the  School  of  Engineering  and  Applied  Science.  Dave’s  long  record  of  achievement 
and  interest  in  electronics  and  optics  based  research  will  clearly  provide  a  major  boost  for  the  CRL 
program  at  Columbia. 

B.  LISTING  OF  PRINCIPAL  INVESTIGATORS 

George  W.  Flynn 
Sven  R.  Hartmann 
Irving  P.  Herman 
Richard  M.  Osgood 
Malvin  C.  Teich 
Edward  S.  Yang 


C.  DEGREES  AWARDED 

Ph.D. 

T.  Cacouris 

F.  Moshary 

L.  Chen 

J.  A.  O’Neill 

J.  Cressler 

M.  Schmidt 

D.  DeBeer 

P.  Shaw 

E.  Goldstein 

C.  Shu 

A.  Hewitt 

T.  Tanabe 

B.  Jalali 

G.  V.  Treyz 

F.  Khan 

X.  Wu 

T.  Licata 

Q.  Y.  Ma 

M.  S. 

C.  Knapp 

3 


D.  JSEP  PUBLICATIONS  1988-1990 
M.  C.  TEICH: 

M.  C.  Teich  and  B.  E.  A.  Saleh,  "Photon  Bunching  and  Antibunching,"  in  Progress  in  Optics, 
edited  by  E.  Wolf  (North-Holland,  Amsterdam,  1988),  vol.  26,  pp.  1-104. 

M.  C.  Teich  and  R.  G.  Turcott,  "Multinomial  Pulse-Number  Distributions  for  Neural  Spikes  in 
Primary  Auditory  Fibers:  Theory,"  Biol.  Cvbem.  59,  91  (1988). 

K.  F.  Brennan,  Y.  Wang,  M.  C.  Teich,  B.  E.  A.  Saleh,  and  T.  Khorsandi,  "Theory  of  the 
Temporal  Response  of  a  Simple  Multiquantum- Well  Avalanche  Photodiode,"  IEEE  Trans.  Elect. 
Dev.  ED-35,  1456-1467  (1988). 

R.  A.  Campos,  B.  E.  A.  Saleh,  and  M.  C.  Teich,  "Quantum-Mechanical  Lossless  Beamsplitter: 
SU(2)  Symmetry  and  Photon  Statistics."  Phvs.  Rev.  A  40.  1371  (1989). 

M.  C.  Teich  and  B.  E.  A.  Saleh,  "Squeezed  States  of  Light,"  Quantum  Optics  1, 153-191  (1989); 
in  Tutorials  in  Optics,  edited  by  D.  Moore  (Opt.  Soc.  of  Am.,  Washington,  D.C.,  1990). 

M.  C.  Teich  and  P.  Diament,  "Multiply  Stochastic  Representations  for  K  Distributions  and  their 
Poisson  Transforms,"  J.  Opt.  Soc.  Am.  A6.  80  (1989). 

E.  L.  Goldstein  and  M.  C.  Teich,  "Noise  in  Resonant  Optical  Amplifiers  of  General  Resonator 
Configuration,"  IEEE  J.  Quantum  Electron.  25. 2289-2296  (1989). 

S.  B.  Lowen  and  M.  C.  Teich,  "Generalized  1/f  Shot  Noise,"  Electronics  Lett.  25,  1072  (1989). 

M.  C.  Teich,  "Fractal  Character  of  the  Auditory  Neural  Spike  Train,"  J.  Acoust.  Soc.  Am,  84, 
S55  (1989);  IEEE  Trans.  Biomed.  Eng.  36,  150  (1989)  [Special  issue  on  neurosystems  and 
neuroengineering] 

S.  B.  Lowen  and  M.  C.  Teich,  "Fractal  Shot  Noise,"  Phvs.  Rev.  Lett.  63.  1755-1759  (1989). 

S.  M.  Khanna  and  M.  C.  Teich,  "Spectral  Characteristics  of  the  Responses  of  Primary  Auditory- 
Nerve  Fibers  to  Amplitude-Modulated  Signals,"  Hearing  Res.  39, 143  (1989). 

S.  M.  Khanna  and  M.  C.  Teich,  "Spectral  Characteristics  of  the  Responses  of  Primary  Auditory- 
Nerve  Fibers  to  Frequency- Modulated  Signals,"  Hearing  Res.  39,  159  (1989). 

Y.  Jiang,  M.  C.  Teich,  and  W.  I.  Wang,  "Hole  Impact  Ionization  Enhancement  in  AlxGai.xSb,"  L 
Appl.  Phvs.  67,  2488-2493  (1990). 

Y.  Jiang,  M.  C.  Teich,  and  W.  I.  Wang,  "Forbidden  Auger  Process  in  Strained  InGaSb/AlGaSb 
Quantum  Wells,"  Appl.  Phvs.  Lett.  57.  2922  (1990). 

M.  C.  Teich  and  B.  E.  A.  Saleh,  "Squeezed  and  Antibunched  Light,"  Phvs.  Today  43,  #6, 26-34 
(1990).  [Japanese  translation:  Parity  5,  #1 1, 2-12  (1990)] 

F.  Singer,  R.  A.  Campos,  M.  C.  Teich,  and  B.  E.  A.  Saleh,  "The  Degenerate  Four-Wave  Mixer: 
SU(1,1)  Symmetry  and  Photon  Statistics."  Quantum  Opt.  2.  307-3321  (1990). 


R.  A.  Campos,  B.  E.  A.  Saleh,  and  M.  C.  Teich,  "Fourth-Order  Interference  of  Joint  Single- 
Photon  Wave  Packets  in  Lossless  Optical  Systems."  Phvs.  Rev.  A  42.  4127  (1990). 


4 


J.  G.  Rarity,  P.  R.  Tapster,  E.  Jakeman,  T.  Larchuk,  R.  A.  Campos,  M.  C.  Teich,  and  B.  E.  A. 
Saleh,  "Two-Photon  Interference  in  a  Mach-Zehnder  Interferometer,"  Phvs.  Rev.  Lett.  65, 1348- 
1351  (1990). 

M.  C.  Teich,  T.  Tanabe,  T.  C.  Marshall,  and  J.  Galayda,  "Statistical  Properties  of  Wiggler  and 
Bending- Magnet  Radiation  from  the  Brookhaven  Vacuum-Ultraviolet  Electron  Storage  Ring," 
Phvs.  Rev.  Lett.  65.  3393-3396  (1990). 

S.  B.  Lowen  and  M.  C.  Teich,  "Power-Law  Shot  Noise,"  IEEE  Trans.  Inform.  Theory  36,  1302- 
1318  (1990). 

Y.  Jiang,  M.  C.  Teich,  and  W.  I.  Wang,  "The  Auger  Recombination  Rate  is  Larger  in  a  GaSb 
Quantum  Well  than  in  Bulk  BaSb,"  J.  Appl.  Phvs.  69,  836-840  (1991). 

M.  C.  Teich,  B.  E.  A.  Saleh,  and  F.  Capasso,  "Generation  of  Photon-Number  Squeezed  Light  by 
Semiconductor  Incoherent  Light  Sources,"  in  Coherence.  Amplification,  and  Quantum  Effects  in 
Semiconductor  Lasers,  edited  by  Y.  Yamamoto  (Wiley,  New  York,  1991),  pp.  539-560. 


G.  FLYNN; 

J.  A.  O'Neill,  J.  Y.  Cai,  Chen  Xi  Wang,  G.W.  Rynn,  and  R.E.  Weston,  Jr.,  "Rotational  Profiles 
of  the  00^1  and  00^2  CO2  States  Produced  by  Collisions  with  Hot  Hydrogen  Atoms:  A  Diode 
Laser  Probe  Study,"  J.  Chem.  Phys.  M.  6240  (1988). 

M.  H.  Alexander,  P.  Andresen,  R.  Bersohn  et.al.,  "A  Nomenclature  for  the  Asymmetry  of  1 
Doublets  in  Linear  Molecules,"  J.  Chem.  Phys.  1749  (1988). 

T.  G.  Kreutz  and  G.  W.  Rynn,  "Understanding  the  Dynamic  Behavior  of  Molecular  Vibrational 
States,"  Advances  in  Laser  Science-Ill,  Optical  and  Engineering  Series  9,  AIP  Conference 
Proceedings  No.  172,  A.  C.  Tam,  J.  L.  Gole,  and  W.  C.  Stwalley,  Eds.,  pp  280-289  (1988). 

J.  Hershberger,  S.  Hewitt,  G.  Rynn,  and  R.  E.  Weston,  Jr.,  "Observation  of  an  Odd/Even  Delta- 
J  Propensity  In  the  Collisional  Excitation  of  CO2  by  Hot  Deuterium  Atoms, "  J.  Chem.  Phys.  88. 
7243  (1988). 

J.  Hershberger,  J.  Chou,  G.  Rynn,  and  R.  E.  Weston,  Jr.,  "Rotational  State  Dependence  of 
Transient  Linewidths  in  the  CO2  00®1  Vibrational  Level  Due  to  Translational  Energy  Recoil  from 
Hot  H  and  D  Atom  Collisions,"  Chem.  Phys.  Lett.  149.  51  (1988). 

F.  Khan,  T.  Kreutz,  L.  Zhu,  G.  Rynn,  and  R.  E  Weston,  Jr.,"Temperaturc  Dependence  of 
Rotationally  Resolved  Excitation  of  C02(009l)  by  Collisions  with  Hot  Hydrogen  Atoms,"  J. 

Phys.  Chem.  22,  6170  (1988). 

J.  Z.  Chou,  S.  A.  Hewitt,  J.  F.  Hershberger,  B.  B.  Brady,  G.  B.  Spector,  L  Chia,  and  G.  W. 
Rynn,  "Diode  Laser  Probing  of  the  High  Frequency  Vibrational  Modes  of  Baths  of  CO2,  N2O 
and  CO  Excited  by  Relaxation  of  Highly  Excited  NO2,"  J.  Chem.  Phys.  2L  5392  (1989). 

J.  F.  Hershberger,  S.  A.  Hewitt,  S.  K.  Sarkar,  and  G.  W.  Flynn,  "Quantum  State-Resolved 
Study  of  Pure  Rotational  Excitation  of  CO2  by  Hot  Atoms,"  J.  Chem.  Phys.  9L  4636  (1989). 


5 


T.  G.  Kreutz,  F.  A.  Khan,  and  G.  W.  Flynn,  "Inversion  of  Experimental  Data  to  Generate  State- 
to-State  Cross  Sections  for  Ro-Vibrationally  Inelastic  Scattering  of  CO2  by  Hot  Hydrogen 
Atoms,"  J.  Chem.  Phys.  22,  347  (1990). 

G.  W.  Flynn,  "Chemical  Cartography:  Finding  the  Keys  to  the  Kinetic  Labyrinth,"  Science  246. 
1009  (1989). 

F.  A.  Khan,  T.  G.  Kreutz,  G.  W.  Flynn,  and  R.  E.  Weston,  Jr.,  "State  Resolved  Vibrational, 
Rotational,  and  Translational  Energy  Deposition  in  CO2(000l)  Excited  by  Collisions  with  Hot 
Hydrogen  Atoms,"  J.  Chem.  Phys.  92,  4876  (1990). 

Jeanne  M.  Hossenlopp,  John  F.  Hershberger,  and  George  W.  Flynn,  "Kinetics  and  Product 
Vibrational  Energy  Disposal  Dynamics  in  the  Reaction  of  Chlorine  Atoms  with  D2S,"  J.  Phys. 
Chem.  94,  1346  (1990). 

Lei  Zhu,  Thomas  G.  Kreutz,  A.  S.  Hewitt,  and  George  W.  Flynn,  "Diode  Laser  Probing  of 
Vibrational,  Rotational,  and  Translational  Excitation  of  CO2  Following  Collisions  with  0(iD),"  J. 
Chem.  Phys.  91,  3277  (1990). 


Thomas  G.  Kreutz  and  George  W.  Flynn,  "Analysis  of  Translational,  Rotational,  and  Vibrational 
Energy  Transrer  in  Collisions  between  CO2  and  Hot  Hydrogen  Atoms:  The  Three  Dimensional 
'Breathing  Ellipse’  Model,"  J.  Chem.  Phys.  93.452  (1990). 

Farooq  A.  Khan,  Thomas  G.  Kreutz,  James  A.  O’Neill,  Chen  Xi  Wang,  George  W.  Flynn,  and 
Ralph  E.  Weston,  Jr.,  "Collisional  Excitation  of  CO2(0lH)  by  Hot  Hydrogen  Atoms:  Alternating 
Intensities  in  State  Resolved  Vibrational,  Rotational,  and  Translation^  Energy  Transfer,"  J.  Chem. 
Phys.  22,  445  (1990). 

Lei  Zhu,  John  Hershberger,  and  George  W.  Flynn,  "Quantum  State  Resolved  Study  of  the  Ro- 
vibrational  Excitation  of  OCS  by  Hot  Hydrogen  Atoms,"  J.  Chem.  Phys.  22,  1687  (1990). 

Scott  A.  Hewitt,  Lei  Zhu,  and  George  W.  Flynn,  "Diode  Laser  Probing  of  the  Asymmetric  Stretch 
Mode  of  CO2  Produced  by  Collisions  with  High  Energy  Electrons  from  193  nm  Excimer  Laser 
Photolysis  of  Iodine, "  J.  Chem.  Phys.  22,  6974  (1990). 

James  Z.  Chou  and  George  W.  Flynn,  "Energy  Dependence  of  the  Relaxation  of  Highly  Excited 
NC)2  Donors  Under  Single  Collision  Conditions:  Vibrational  and  Rotational  State  Dependence  and 
Translational  Recoil  of  CO2  Quencher  Molecules,"  J.  Chem.  Phys.  22,  6099  (1990). 

S.  A.  Hewitt,  J.  F.  Hershberger,  J.  Z.  Chou,  G.  W.  Flynn,  and  R.  E.  Weston,  Jr.,  "Rotationally 
and  Translationally  Resolved  Hot  Atom  ColUsional  Excitation  of  the  CO2  Fermi  Mixed 
Bend/Stretch  Vibrational  Levels  By  Time-Dependent  Diode  Laser  Spectroscopy,"  J.  Chem.  Phys. 
22,4922(1990) 

James  Z.  Chou,  Scott  A.  Hewitt,  John  F.  Hershberger,  and  George  W.  Flynn,  "Diode  Laser 
Probing  of  the  Low  Frequency  Vibrational  Modes  of  Baths  of  CO2  and  N2O  Excited  by  Relaxation 
of  Highly  Excited  NO2,"  J.  Chem.  Phys.  22,  8474  (1990). 

Jeunghee  Park,  Yongsik  Lee,  John  F.  Hershberger,  Jeanne  M.  Hossenlopp,  and  George  W. 
Flynn,  "Chemical  Dynamics  of  the  Reaction  between  Chlorine  Atoms  and  Deuterated 
Cyclohexane,"  submitted  for  publication. 


6 


Lei  Zhu,  Scott  A.  Hewitt,  and  George  W.  Flynn,  "Quantum  Interference  Effects  in  the  Collisional 
Excitation  of  the  Fermi  Doublet  States  of  CO2  by  Hot  Electrons  and  Hot  H(D)  Atoms,"  J.  Chem. 
Phys.  24,  4088  (1991). 

Farooq  A.  Khan,  Thomas  G.  Kreutz,  George  W.  Rynn,  and  Ralph  E.  Weston,  Jr., 
"Translationally  and  Rotationally  Resolved  Excitation  of  CO2(00^)  by  Collisions  with  Hot 
Hydrogen  Atoms,"  submitted  for  publication. 


S.  HARTMANN; 

R.  Friedberg  and  S.  R.  Hartmann,  "A  Diagramatic  Technique  for  Calculating  Radiation  of 
Coherently  or  Incoherently  Excited  Two-level  Atoms,"  J.  Phys.  B::  At.  Mol.  Opt.  Phys.  21, 683 
(1988). 

D.  DeBeer,  E.  Usadi,  and  S.  R.  Hartmann,  "Attosecond  Beats  in  Sodium  Vapor,”  Phys.  Rev. 
Lett.^,  1262  (1988). 

R.  Friedberg,  S.  R.  Hartmann,  and  J.  T.  Manassah,  "Frequency  shift  in  3-Photon  Resonance," 
Phys.  Rev.  A22,  93  (1989) 

R.  Friedberg,  S.  R.  Hartmann,  and  J.  T.  Manassah,  "3-Photon  Frequency  Shift  On  Noncolinear 
Excitation,"  J.  of  Phys.  B:  At.  Mol.  Opt.  Phys.  22,  2211  (1989) 

R.  Friedberg,  S.  R.  Hartmann,  and  J.  T.  Manassah,  "The  Mirrorless  Optical  Bistability 
Condition,"  Phys  Rev.  A39.  3444  (1989) 

R.  Friedberg,  S.  R.  Hartmann,  and  Jamal  T.  Manassah,  "Effect  of  Local  Field  Correction  on  a 
Strongly  Pumped  Resonance,  Phys.  Rev.  A40.  2446  (1989). 

F.  Moshary,  R.  Kichinski,  R.  J.  Beach,  and  S.  R.  Hartmann,  "Spectroscopy  and  Multiwave 
Mixing  in  Pr^+iLaFs,"  Phys.  Rev.  A40,  4426  (1989). 

D.  DeBeer,  E.  Usadi  and  S.  R.  Hartmann,  "Attosecond  Beats  in  Sodium  Vapor,"  to  be  published 
in  the  Proceedings  of  the  Fourth  International  Laser  Science  Conference  1988. 

R.  Hartmann,  and  Jamal  T.  Manassah,  "Time-Delayed  Four-Wave  Mixing  with  Incoherent  Light: 
The  Inhomogeneous  Limit  for  a  System  with  Multilevel  Structure,"  J.  of  Phys.  B;  At  Mol.  Opt. 
Phys. 21,  1363  (1990). 

R.  Friedberg,  S.  R.  Hartmann,  and  Jamal  T.  Manassah,  "Frequency  Shift  in  the  Reflection 
Coefficient  from  a  Gas  of  Two-Level  Atoms,"  Opt  Comm.  71,  263  (1990). 

R.  Friedberg,  S.  R.  Hartmann,  and  Jamal  T.  Manassah,  "Effects  of  the  Dynamic  Lorentz  Shift  on 
Four-Wave  Parametric  Interactions  in  a  Strongly  Driven  Two-Level  System,"  Phys.  Rev.  A 
494  (1990). 

R.  Friedberg,  S.  R.  Hartmann,  and  Jamal  T.  Manassah,  "Intensity-dependent  Spectral  Reflectivity 
of  a  Dense-Gas-Dielectric  Interface,"  Phys.  Rev.  A42,  5573  (1990). 

R.  Friedberg,  S.  R.  Hartmann,  and  Jamal  T.  Manassah,  "Intensity  Dependent  Frequency  Shifts  in 
Reflectivity  of  a  Dielectric  Gas  Interface."  sub  to  Phys.  Rev.  A. 


7 


R.  Friedberg,  S.  R.  Hartmann  and  Jamal  T.  Manassah,  "Optimizing  Third  Harmonic  Generation  in 
Gases,"  submitted  to  J.  Phys.  B. 


R.  OSGOOD: 

T.  Cacouris,  G.  Scelsi,  P.  Shaw,  R.  Scarmozzino,  and  R.  M.  Osgood,  Jr.,  "Laser  Direct  Writing 
of  Aluminum  Conductors,"  Appl.  Phys.  Lett.  1865  (1988). 

W.  Holber,  D.  Gaines.  C.  F.  Yu,  R.  M.  Osgood.  "Laser  Desorption  of  Polymer  in  a  Plasma 
Reactor."  Appl.  Phys.  Lett.  52,  1 1  (1988). 

P.  Shaw,  J.  O'Neill.  E.  Sanchez.  Z.  Wu,  and  R.  M.  Osgood.  Jr..  The  Spectroscopy  and  Surface 
Chemistry  of  Metal- Alkyl  Molecules."  Mat.  Res.  Soc.  Symp.  B  Proc.  129.  45  (1989). 

B.  Quiniou,  R.  Scarmozzino,  Z.  Wu  and  R.  M.  Osgood,  Jr.,  "Photoemissive  Scanning 
Microscopy  of  Doped  Regions  on  Semiconductor  Surfaces,"  Appl.  Phys.  Lett.  55^  481  (1989). 

B.  Quiniou,  R.  Scarmozzino,  Z.  Wu  and  R.  M.  Osgood,  Jr.,  "Microscopic  Photoemissive 
Probing  of  Doped  Regions  on  Semiconductor  Surfaces,"  CLEO  Conference,  ’Technical  Digest  2, 
430  (1989). 

T.  J.  Licata,  D.  V.  Podlesnik,  H.  Tang,  I.  P.  Herman  and  R.  M.  Osgood,  Jr.,  "Continuous-Wave 
Laser-Doping  of  Micrometer-Sized  Features  in  GaAs  Using  a  DMZn  Ambient,"  Journal  of 
Vacuum  Science  and  Technology  AS,  1618  (1990). 

M.  Rubeno.  X.  Zhang,  R.  Scarmozzino.  A.  Willner.  D.  V.  Podlesnik  and  R.  M.  Osgood.  Jr., 
"The  Laser-Controlled  Micrometer-Scale  Photoelectrochemical  Etching  of  III-V  Semiconductors. ' 
Journal  of  the  Electrochemical  Society  138. 1 174  ( 1990). 

Z.  Wu.  R.  Quiniou  and  R.  M.  Osgood,  "Temperature  and  Adsorbate  Dependence  of  the  Image- 
potential  States  on  Cu  (100),"  submitted  to  Phys.  Rev.  Lett.  (Dec.  1990). 

B.  Quiniou,  W.  Schwarz,  Z.  Wu  and  R.  M.  Osgood,  "Photoemission  from  Thick  Overlying 
Epitaxial  Layers  of  CaF2  on  Si(lll),"  submitted  to  Phys.  Rev.  Let.. 


E.  S.  YANG: 

Q.  Y.  Ma,  M.  T.  Schmidt,  X.  Wu,  H.  L.  Evans  and  E.  S.  Yang,  "Effect  of  Schottky  Barrier 
Height  on  EL2  Measurement  by  Deep-Level  Transient  Spectroscopy,"  J.  Appl.  Phys.  2469, 
(1988). 

Q.  Y.  Ma,  T.  J.  Licata,  X.  Wu  and  E.  S.  Yang  and  C.-A.  Chang,  "High  Tc  Superconducting 
Thin-films  by  Rapid  Thermal  Annealing  of  Cu/BaOA" 2O3  Layered  Structures,"  Appl.  Phys.  Lett. 
2229,  (1988). 

L.  F.  Luo,  H.  L.  Evans,  and  E.  S.  Yang,  "A  Heterojunction  Bipolar  Transistor  with  Separate 
Carrier  Injection  and  Confinement,"  IEEE  Trans.  Elec.  Dev.  1845  (1989). 


X.  Wu  and  E.  S.  Yana,  "Interface  Capacitance  in  Metal-Semiconductor  Junctions,"  J.  Appl.  Phvs. 
61,  3560  (May  1988)7 


8 


M.  T.  Schmidt,  D.  V.  Podlesnik,  C.  F.  Yu,  E.  S.  Yang,  and  R.  M.  Osgood,  Jr.,  "Schottky 
Contact  Characterization  of  Thin,  Excimer-Laser  Grown  GaAs  Oxides."  in  Laser  and  Panicle- 
Beam  Processing.  Mat.  Res.  Soc.  Sym.  Proc.  101. 421  (1988). 

M.  T.  Schmidt,  D.  V.  Podlesnik,  H.  L.  Evans,  C.  F.  Yu.  E.  S.  Yang,  and  R.  M.  Osgood.  Jr.. 
"The  Effect  of  UV-Grown  Oxide  on  Metal-GaAs  Contacts,"  J.  Vac.  Sci.  Technol.  A^,  1446 
(1988). 

X.  Wu,  M.  T.  Schmidt  and  E.  S.  Vang.  'Control  of  the  Schottky  Barrier  Using  an  Ultra-ihin 
Interface  Metal  Layer. '  .-\ppl.  Phys.  Lett.  f4,  268  ( 1989'). 

Q.  V.  Ma.  M.  T.  Schmidt,  T.  J.  Licaia,  D.  V.  Rossi.  E.  S.  Yang.  C.-.A.  Chang  and  C.  E.  Farrcil. 
"Processing  and  Substrate  Effects  on  'i'BaCuO  Thin  Films  Formed  by  Rapid  Thermal  Annealing  or 
Cu/Ba0/Y203  Layered  Structures."  Proc.  of  3rd  Ann.  Conf.  on  Superconductivity  and 
Applications,  Buffalo.  NY  (Sept.  1989). 

X.  Wu,  Y.  Q.  Wang,  L.  F.  Luo,  and  E.  S.  Yang,  "An  AlGaAs/GaAs  Heterostructure-Emitter 
Bipolar  Transistor,"  IEEE  Electron  Devices  Lett,  ii,  264  (1990). 

X.  Wu  and  E.  S.  Yang,  "Effective  Metal  Screening  and  Schottky-Barrier  Formation  in  Metal-GaAs 
Structures,"  IEEE  Electron  Device  Lett,  il,  315  (1990). 

X.  Wu,  E.  S.  Yang,  and  N.  D.  Theodore,  ‘Structural  Characterization  of  Ti  and  Pd  Thin  Films  on 
GaAs  (100)  Substrate, "  J.  Elec.  Mat.  1£,  820  (1990). 

X.  Wu.  E.  S.  Yanc  and  H.  L.  Evans.  "N'esaiive  Capacitance  at  Metal-semiconductor  Interfaces." 
J.  Appl.  Phys.  68.'':845  (1990). 

X.  Wu.  H.  K.  Liou.  and  E.  S.  Yang.  "Inteifacial  Structure  and  Reactions  of  Pt  and  Pd  on  SiGe 
Unstrained  Substrate,"  Mat.  Res.  Soc.  Symp.  B.,  48  (1991). 

X.  Wu,  E.  S.  Yang,  and  N.  D.  Theodore,  "Interfacial  Morphology  of  Ti  and  Pt  Thin  Films  on 
GaAs  (100)  Surface, '  Bulletin  of  the  American  Physical  Society  243  (1990). 


I.  P.  HERMAN: 

T.  J.  Licata,  D.  V.  Podlesnik,  H.  Tang,  1.  P.  Herman  and  R.  M.  Osgood,  Jr.,  "CW  Laser-Doping 
of  Micrometer-Sized  Features  in  GaAs  Using  a  MDZn  Ambient,"  J.  Vac.  Sci.  Techno!.  AS  1618 
(1990). 

J.  A.  Tuchman,  Z.  Sui,  I.  P.  Herman,  R.  L.  Gunshor,  and  L.  A.  Kolodziejski,  D.  A.  Cammack, 
and  M.  Shone,  "Photoluminescence  of  ZnSe  Epilayers  on  GaAs  under  Hydrostatic  Pressure, ” 

Mat.  Res.  Soc.  Symp.  Proc.  161.  471  (1990). 

I.  P.  Herman,  J.  A.  Tuchman,  Z.  Sui,  R.  L.  Gunshor,  and  L.  A.  Kolodziejski.  "The  Effect  of 
Lattice  Mismatch  on  the  Bandgap  Fhessure  Dependence  of  ZnSe  Epilavers  Grown  on  GaAs,"  Bull. 
Am.  Phys.  Soc.  aS(3),  618  (1990). 

J.  A.  Tuchman.  Z.  Sui.  I.  P.  Herman,  R.  L.  Gunshor.  L.  A.  Kolodziejski,  D.  A.  Cammack.  and 
M.  Shone.  Photoluminescence  of  ZnSe/Zni-xMnxSe  Superlattices  Under  Hydrostatic  Pressure. 
Bull.  Am.  Phys.  Soc.  35(3),  715  (1990). 


9 


H.  H.  Burke,  Z.  Sui  and  I.  P.  Herman,  "Temperature  and  Pressure  Dependence  of  Raman 
Scattering  in  SixGel-x  Bulk  Alloys,"  Bull.  Am.  Phys.  Soc.  M(3),  524  (1991). 

I.  P.  Herman,  Z.  Sui,  and  J.  Bevk,  "Raman  Analysis  of  Si/Ge  Strained  Layer  Superlattices  Under 
Hydrostatic  Pressure,"  Bull.  Am.  Phys.  Soc.  ii^(3),  524  (1991);  Appl.  Phys.  Lett.  (1991  in 
press). 


